Abstract-The pseudoliving radical binary copolymerization of acrylonitrile with methyl acrylate, styrene, n butyl acrylate, and tert butyl acrylate in bulk in the presence of the reversible addition fragmentation chain transfer agent dibenzyl trithiocarbonate is performed for the first time. The addition of trithiocarbon ate makes it possible to prepare a narrowly dispersed visually optically transparent copolymer in a wide range of monomer feed compositions even at limiting conversions. Conditions for the synthesis of acrylonitrile copolymers with controlled molecular masses and narrow molecular mass distributions are ascertained. In the above copolymers, the trithiocarbonate group is shown to be located within the chain.
As opposed to the homopolymer PAN, whose pro cessing in melt presents a problem, diverse acrylonitrile (AN) copolymers possessing desired physicomechani cal and performance characteristics have found wide use in industry. These copolymers are used in the pro duction of textile fibers, precursors of carbon fibers, adhesives, binding agents, antioxidants, dyes, electric insulators, emulsifiers, insecticides, leather, plasticiz ers, barrier polymers, etc. The application area of AN based copolymers is determined by the type of comono mer, its content, and its chain structure [1] .
Because of its polarity and reactivity, AN is able to undergo radical copolymerization with a wide range of vinyl monomers: styrene, 1,3 dienes, (meth)acrylic acid derivatives, vinyl acetate, etc. [1] . Note that copolymerization with the use of acrylonitrile as a comonomer is conducted in solution because, in the case of bulk polymerization, the copolymer being formed is often insoluble in the reaction medium. Moreover, because of slow initiation and uneven chain growth, conventional radical copolymerization yields copolymers with wide molecular mass distributions and high composition heterogeneities.
The above problems may be solved with the use of pseudoliving radical polymerization, specifically reversible addition fragmentation chain transfer polymerization (RAFT) [2] [3] [4] [5] [6] . In RAFT polymeriza tion, each macromolecule grows during the whole polymerization process because it becomes alive owing to involvement in reversible addition fragmen tation chain transfer. Because of repeated events of revival, growth, and temporary chain termination, despite slow initiation, the molecular mass of the poly mer increases with conversion, the molecular mass distribution narrows, and the conversion intermolecu lar composition heterogeneity of the copolymers almost disappears. These characteristics of RAFT polymerization define the wide prospects for its use in the molecular design and synthesis of functional mate rials with a desired chain architecture.
RAFT polymerization is performed in the presence of sulfur containing compounds of the general for mula Z-C(=S)-S-R, where Z and R are more often alkyl and aryl substituents. In this study, dibenzyl trithiocarbonate (BTC, Z = S-CH 2 C 6 H 5 and R = CH 2 C 6 H 5 ) was used for this purpose. The mechanism of RAFT polymerization was described in detail in [2, 7] ; it includes elementary reactions of chain initiation, growth, and termination as well as reversible addition fragmentation chain transfer reactions specific to the RAFT process.
When symmetric trithiocarbonates are used as RAFT agents, the trithiocarbonate group occurs either within the chain (close to the chain center or shifted to one of its ends) and macromolecules grow at both ends relative to this group or the trithiocarbonate group is situated at the chain end and macromolecules grows from head to tail, that is, at one end [8] [9] [10] . Regardless of the particular mechanism of the RAFT process mediated by symmetric trithiocarbonates, the product contains an active trithiocarbonate group and can provide the pseudoliving mechanism of polymer ization when used repeatedly. The ability of AN to polymerize in solution via the pseudoliving mechanism under the action of RAFT agents, including trithiocarbonates, which are effi cient RAFT agents in the polymerization of styrene and acrylates, was described in [11] [12] [13] [14] [15] . It is known that AN may be involved in solution RAFT copoly merization with styrene, β pinene [16] , N isopropy lacrylamide [17], 4 vinylpyridine [18] , and 1,3 buta diene [19] ; however, no published data are available on the RAFT copolymerization of this monomer in bulk via the pseudoliving mechanism.
Controlled Copolymerization of
In this study, the RAFT copolymerization of AN with styrene and alkyl acrylates in bulk in a wide range of monomer feed compositions is performed for the first time. On the one hand, this makes it possible to increase the rate of the process and the molecular mass of the polymer and, on the other hand, to obtain a rapid answer about implementation of the pseudoliv ing mechanism. The reactivities of the comonomers with respect to acrylonitrile differ appreciably: For the AN-methyl acrylate (MA) pair, r AN =1.5 and r MA = 0.84; for the AN-styrene pair, r AN = 0.07 and r styrene = 0.37. As for the AN-tert butyl acrylate (TBA) pair, no data are available on the activities of these comono mers, although this information is available for the AN-n butyl acrylate (BA) pair: r AN = r BA = 1 [20] . Therefore, except for the latter pair, in all other cases, conventional radical polymerization at high conver sions yields compositionally heterogeneous copoly mers, a result that usually leads to macrophase separa tion accompanied by turbidity of reaction mixtures. In the case of the pseudoliving mechanism, the copoly mers are compositionally homogeneous and the reac tion system remains visually optically transparent.
Hence, the goal of this study is to gain insight into general relationships governing the formation of copol ymer macromolecules during the RAFT copolymeriza tion of AN in bulk and to develop a technique for the controlled synthesis of narrowly dispersed copolymers based on the above mentioned comonomers. EXPERIMENTAL Acrylonitrile (99%, Fluka), methyl acrylate (MA, 99%, Acros), styrene (99%, Aldrich), n butyl acrylate and tert butyl acrylate (BA and TBA, 98%, Aldrich) were distilled under atmospheric pressure. AIBN was recrystallized two times from anhydrous ethanol and dried in vacuum to a constant weight. BTC (R⎯S⎯C(=S)-S-R, where R = CH 2 C 6 H 5 ) was obtained via the known technique and characterized via 1 H NMR spectroscopy, as described in [15] .
Samples for conventional copolymerization and RAFT copolymerization in bulk were prepared through dissolution of calculated amounts of AIBN and the RAFT agent in the AN-comonomer mixture at a specified ratio ([AN] = 20-80 vol %). Solutions were poured in ampoules and degassed three times through freeze-pump-thaw cycles, and the ampoules were sealed. Polymerization was performed at 80°С; after its completion, the samples were cooled with liq uid nitrogen and the ampoules were opened. Mixtures containing copolymers with excess AN were dissolved in DMSO and precipitated into a 10 fold excess of water. The copolymers were washed with water and methanol, filtered, washed with water and methanol, and vacuum dried to constant weights. The copoly mers with excess vinyl comonomer were dissolved in benzene and lyophilized. The yield of the copolymers was determined gravimetrically.
The synthesis of polymeric RAFT agents used for block copolymerization was performed as follows.
Poly(styrene trithiocarbonate) (PSTC) was pre pared from a solution of AIBN (10 -2 mol/L) and BTC (0.1 mol/L) in freshly distilled styrene (2.5 mL) at 80°С for 1 h. After the reaction mixture was poured in an ampoule and degassed through repeated freeze-pumpthaw cycles to a residual pressure of ∼5 × 10 -3 mm Hg, the ampoule was sealed. After completion of polymer ization, the ampoule was cooled with liquid nitrogen and opened, and the residual monomer was distilled in vacuum. The resulting polymer was dissolved in a 10 fold excess of benzene and lyophilized. The yield of PSTC was 12%; according to GPC, М n = 1.5 × 10 3 and M w /M n = 1.15.
Poly(n butyl acrylate) trithiocarbonate (TBATC), poly(tert butyl acrylate) trithiocarbonate (PTBATC), and poly(methyl acrylate) trithiocarbonate (PMATC) were synthesized in a similar manner at 80°С and [AIBN] 0 = 10 -3 mol/L and [BTC] 0 = 10 -1 mol/L. The molecular mass characteristics of the polymers were as follows: М n = 5.0 × 10 3 and M w /М n = 1.18 for TBATC, М n = 4.5 × 10 3 and M w /М n = 1.18 for PTBATC, and М n = 5.1 × 10 3 and M w /М n = 1.18 for PMATC.
The molecular mass characteristics of the poly mers were investigated via GPC on a PolymerLabs GPC 120 chromatograph. Measurements were con ducted at 50°С with the use of two PLgel 5 µm MIXED B columns (the molecular mass range М = 5 × 10 2 to 1 × 10 7 ) in DMF containing 0.1 wt % LiBr; the flow velocity was 1 mL/min. Analysis was per formed with the use of copolymer solutions in DMF containing LiBr (a polymer concentration of 1 mg/mL). Molecular masses were calculated relative to PMMA standards.
RESULTS AND DISCUSSION
As was shown in [8-10, 14, 15] , BTC is a relatively efficient RAFT agent in the homopolymerization of AN in DMSO and in the homopolymerization of vinyl monomers. The features of the RAFT copolymeriza tion of the considered monomer pairs are outlined below.
